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 STATE OF THE ART OF THE THEORY AND
: ANALYTICAL DESIGN METHODS FOR VORTEX PUMPS

ABSTRACT 247 29
Recent analytical treeatment, primarily by the authors, of

vortex (turbine, regenerative, periphery) pumps and centri-

(SRS

1 i ?:
%?E fugal-vortex pumps is revieweé, accounting in greater detail S.J
;i% than formerly for such factoré as head, capacity, and efficiency
requirements, impeller blading, outer channel cross section con-
figuration, leakage and other losses, recirculation, shaft
i r.p.m., etc. Analytical and experimental characteristic curves
i are given for specific Soviet»models, with fair consistency i?
:;‘ between the two. High efficiencies are obtained using an '%;
%i open impeller with 24 back-curved blades and a rectangular éié

channel (43%), or a closed impeller with semicircular pas-

sage and 24 to 32 forward-curved blades (50%). The theory
presented herein is adequate for an analytical determination

of the mean vortex velocity and ultimetely for derivation of

a fundamental equation of the vortex pump. CZAJCI*&“D

Vortex and centrifugal-vortex pumps currently enjoy widespread applicationlzﬂf

5.

e
TTRAY DY e

gin several branches of industry and agriculture. The first prototypesé@f Vortegﬁ;
HEe T

H

i

?pumps were designed in 1930. For 27 yeérs, however, the theoretical ahalysis dﬂf

.o

ﬂffthe operation of vortex pumps has lagged considerably behind their utilization,¥¢

© ‘which has in turn held back the design of newer, more improved pump

iconstructions.

£ i .X¥Numbers in the margin indicate pagination in the original foreign text. . : -
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" In the Soviet 1itefatureA(}efs. 1 to T7), these pumps are referred to as

i vaned or vortex pumps, in the German li#erature (refs. 8 and 9) as self-primingi

;‘centrifugal pumps with peripheral channels, or Sihi - pumps, in the American lité ;

;gerature (refs. 10 and 11) as volute type vortex pumps, tangential pumps, vaned é ‘

diturblne pumps, regenerative, turbulent, or friction pumps, and in the Japanese 5‘3
;;2 iterature (refs. 12 and 13) as rotary,%friction, or periphery pumps. The di- gky
Wévversity of nomenclature simply bears wifness to the desire to distinguish thesegjé
: pumps from smong other types, and the complexity of operation of vortex pumps.

| The term "vortex pump” proposed by Prof. S. S. Rudnev is the most approprlej:

- ate, since it most completely embraces the principle of operation. Vortex pumpSfﬁ

'fsare used predominently in the realm of iow specific speeds (n = 4 to 50), W'here-z

' ever the application of centrifugal pumps is rendered unsuitable due to low

i

712eff1c1ency, fabrication complexity, and‘ the lack of self-priming. Given the

—‘§;%seme iméeller diéﬁetéﬁ and sﬂéf%“ftp:ﬁtzmiﬁewvoffei‘ﬁumb géﬁéfates a head tﬂﬁ&ngrw
"Qyto five times as great as the centrifugal counterpart, hence it is normally de- |

»f5signed to operate at high heads (25 to 250 m) and relatively low capacity
(2 to 60 m3/h).
- At the present, three types of vortex pump are in use (fig. 1). The firstii;
?iiincludes pumps with & blind peripheral passage, where the suction and discharge;;?

va";openj.ngs are located at a lesser radius than the peripheral channel. The

él,second and third types are pumps with a one- or two-directional open péflpheral

4

%the beginning and end of the channel or the suction opening is located et a

;lesser radius. Pumps of the first type have a self-priming feature, while pumpee

f*zof the second and third types are deprived of this feature (without auxiliary
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Figure 1. Diagrams of Vortex Pumps: 1) Suction; 2) Discharge; 3) Peripheral
. Cha.n.nel k) Impeller; a = Chennel Width; b = Impeller Width; P
2h = Channel Depth; Ar = Distance from Impeller Hub to TS
<h g Channel; s = Blade Thlck_ness, 1= Blade Pitch; (25
b . 8, = End Clearasnce; § = Radisl Clearance.

The present article gives a concisé critical analysis of the basic h;ypo‘l;h—f
o eses underlying the operating principle of vortex pumps, practical recommende-
tions for the engineering calculation and design of three types of such pumps,
and the scheme adopted by the authors for describing their operation.
The most detailed investigations of the working process of vortex pumps

: during the period 1939 to 1950 were undertaken by G. T. Berezyuk (ref. 1) s O.

1 gv. Baybakov (ref. 2), and B. I. Nakhodkin (ref. 3). 1 ™

In the opinion of G. T. Berezyuk, an increase in head in the perii)}éeral «

fchannel of a vortex pump (first type) is realized as & result of the on:s:et of

. fsecondary currents, as well as the entraining action of the impeller and strong

:‘turbulence. Limiting himself to these general considerations, G. T. Bei‘ezyuk ,

gave no specific rationale for the working process that would be a.menable to

1
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%‘bﬁ%ﬂéﬁéficéimf}eé£ﬁéﬁf.‘Vﬁérwas therefore unsble to give the functional rela- '

; tionship between the pump head and those factors contributing to it.

0. V. Baykov investigated several vortex pumps of the first and second

/ types and attempted to derive a fundemental equation for the vortex pump, i.e.,

: the dependence of the head on the pump capacity and geometry of the flow-through

§ ‘;’(!
P
HER

‘portlon.

Relying entirely on the hypothe51s of Schmiedchen (ref. 9), 0. V. Baykov Z

. wrote the momentum imparted to the fluid by the impeller per second over the

' working length of a channel with a central angle é:

‘ M= ijQQ4hRdR.

zl where p is the density of the fluid, Rijand Ro are the inside and outside radiiéﬁ:

%Qf the peripheral channel, Vu and vm are the peripheral and meridional compo- Po

:nents of the wvelocity.

Substituting into this equation the values of M and o, we obtain the incre;:i

7% ment in head over the angular section ¢O:

)A

Ak = —F ." Tw.v.RJyJR

.where g 1s the gravitational acceleration, F is the cross section of thé peri—;;f

'pheral channel. %? ?f;
This equation, which was integrated by O. V. Baybakov with a numbéi of oy

Zsimplifications, cannot be used for practical purposes, since the fluid;rota-

itional velocity Vi in the plane of the channel cross section F remainsiﬁnknown, ;

V. I. Nakhodkin systematized and generalized a wealth of experimental daté%n

Ion vortex pumps of the first type, exparlmentally 1nvest1gated the balance of

S oo ]
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'eﬁérgy ih.a“;ofﬁg;wpﬁmp,<aﬁé ébnductéd a series 6f7tests tdrfiﬁd‘aﬁtrﬁéwﬁ%héww“?
* shape of the peripheral channel affected the performence curve of the vortex
5‘pump. B. I. Naekhodkin based his work oh the assumption that the total head of
;ithe vortex pump is made up of ‘the head H developed by the impeller in the suc-
iytion and discharge section (as occurs iﬁ the conventional centrifugal pump) andi :
¥ ; (10
'iéthe vortex head Hk obtained as the result of energy transfer from the rapidly %éf
‘?:moving fluid particles in the impeller venes to the slowly moving liquid in the{?{
- channel in connection with the intense formation and breakdown of vortices in

| the working section of the channel.

Forsaking any attempt at deriving the fundemental vortex pump equation ana-

iijlytically, B. I. Nakhodkin undertook a calculation of the performance curves e
'fifor model pumps, applying similarity‘principles. In the event that no model

Ngwas available, he recommended analyzing the vortex pump according to the follow?3§

b R

{ing procedure.
1. The pump head is calculated as H = kou2/2g, where ko is the pressure
fifcoefficient as determined from an empirical-statistical graph of k, =n[l(ns).

2. The pump capacity is determined from the equation
o feN . gt
Q= (T):E' '

i where (c u) . is the coefficient of discharge as determined from en empiiical-
. 0 ;

%statistical graph of (c/u)O =j"2(ns), u is the mean peripheral velocit&éof the }@

%% impeller blade, c is the velocity of the fluid in the channel.

i § 3. The optimum values of the various coefficients governing the cross
. sectional dimensions of the impeller and chamnel (fig. 1) and the number and
<< pitch of the blades are chosen from graphs of those coefficients as funétions

%E;of n3. For example, according to the date of B. I. Nakhodnik, the optiﬁum

o
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' ‘values of the cosfficients b/c and 1fc for which the pump will have the highest|
f pressure coefficients and efficiency are near unity, while the coefficient a/c

- amounts to 2 or 3. The relations that he advises for calculating the head and %
E:the graphs for determining the optimum values of the coefficients b/e, &/c, a/c, ;
grand L/‘ as a function of the specifiec speed of the pump are in good agreement § 3
%E%with the experimental data that he obta%ned for vortex pumps of the first type,gig
f;:but cannot be used for calculations on ﬁumps of the second and third types, o

which are the ones most widely used in actual practice.

For model TsVS-53 vortex pumps (n = 2980 r.p.m., D, = 82 mn) of the second -

2 ,
and third types with & nonsemicirculsr channel profile, V. G. Kovalenko (ref. 4):
2 came up with the following values for the coefficients (fig. 2). The lower {i}

" yalues of the indicated coefficients are given by the more sloping Q-H and Q-N |7

-% curves, the upper valuesAPy the steeply dropping curves.
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The most noteworthy 1nvest1ga‘tions of vortex pumps out51de the Sov:l.et

Union in the last three or four years heve been conducted by the American spe- t22

ialists Iversen (ref. 10) and Wilsonm, et al. (ref. 11).

[CS RSN

Vortex generator ’ o
B4 \ WS W WS VN S | / [ | 3
10 f Lo
[ ey H : P 3

1 [
1o —hl =, P10
1 : "3 : \ -
1 2
. Suction Discharge ’

Figure 3.
Iversen, in explaining the operation of the vortex pump, advanced the hy- '
pothe sis of the fluid mass becoming entralned in the channel due to shear

stresses » which arise in the flow as the impeller interacts with the fluid, as- f:

c | ‘suming that the impeller represents a kind of @bstract rough surface. Accord- ,s

i

ing to the dla.gram shown in figure 3, as & the rough surface 1s set” inmotion,

e ?the balance of the forces acting on the fluid in the horizontal peripheral cha.n-
‘nel is expressed by the equation

P,A— P3A— . +wa; =0,

~Where Pl and P2 are the pressures on the suction and discharge sides, respec-

, :tively, A is the cross sectional area of flow T, is the shear stress on the
zv‘ . channel wall of area 8,y Ty is the shear stress on the impeller surface;; of areal’
i 75 ¥

| |
L+2 Z 8. H
Lk { The power delivered to the pumped fluid from the impeller surface moving ..
L& i with & velocity u is expressed by the equation : ]

i
i
i

N="T,a.4.
11
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For a fluid density p and mean fluid velocity v, the shear stress ¥ is arbi-:

"~ trarily determined by Iversen according to the equation

= —;' va’,

X3 it

% where c i1s an unknown coefficient.
10y i N
HE 0

(RN Agssuming then that, in determining, the quantities 7, and L the velocity |

- | 1
v 1s the difference between the velocity of motion of the corresponding rough

- surface and the velocity of the fluid in the channel Q/A, Iversen obtains a

'’ fundamental vortex pump equation with two unknown coefficient c, and cc:

i
ﬁ—c‘éag‘f [(‘ uA) Mt uA)]

Inasmuch as c; and c, are unknowns, the solution proposed by Iversen, like: 3

2 éthat of 0. V. Baybakov, is not suitable for practical calculations, although it ’S

,is based on a correct é.pproach to analy515 of the tangential stresses in the
'pump flow. Specifically, Iversen's error lies in his ignoring the causes ghn.ng
r:Lse to the tangential stresses (for example, the difference in the centrifugal ‘
: forces et the impeller and in the channel) s which was expressed in the repre- |
‘sentation of the impeller as an abstract rough surface.

Wilson investigated a number of industrial pump types and suggested that

‘the fluid particles in the periphersl chamnel move in a helical trajecbbry. The -

40 ! _H..,,

z‘»i :helical motion of the fluid ocecurs at each point of the channel with a‘ tangent:;a.]s
i) -

ZZ vveloc1ty Vi and meridional velocity v, dlrected perpendicular to Vi P:roceed-

1ng on this basis, Wilson introduces two concepts: 1) the tangential flow, de« "«

 fined as Q = f v,3A, where A is the cross section of the peripheral chammel;

(a)

'bhis flow is assumed equal to the pump ca.pac:.'by, 2) the circulatory or mer:l.d:n.on- "

<

-3

o
>
-

o3

LT

?‘)

g.a.lJilow Q .associated with the velocity Voo
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A theroetical investigation of the working process of the vortex pump was

conducted by Wilson for a simplified model and for a linear law of fluid motion.’

© Considering the elementary volume formed by a section of the peripheral chamnel -
2! (fig. ba) and the working impeller (fig. 4b) of width 46, and drawing on the

Eequations of hydrodynamics, Wilson derived an equation for the head:

" 'is determined by the equation aQ, =v

i

1
H=—
e o e et [ g [

* 'where a and o are coefficients denoting the ratio v_t/u at the points 1 and 2, <~

‘respectively, Qc is the circulatory capacity, which for the elementary volume

r.de, ul and u, are the peripheral veloc—?- E

c2 2 2

ities at the points 1 and 2, located at the radii ry and Ty k't is the tangential

‘loss factor, D is the impeller diameter, Q is the pump capacity; Q=%. I3 0, x T
. rae P

N ; r‘ [ %‘i H
L : X. (k,a-{; a ky2 ) (here QS = rgAw; Tq is the radius of the centroid of th

t
i

i, ?a.rea A, w is the angular velocity of the impeller; k, and k, are dimen'sionless

i, coefficients depending on the depth and width of the peripheral cha.nnel) .

2] The following equation is given for determining the power: 23
. . 3
o ""Q'll”+"(7£?') ]

- L9 | N
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117 The efficiency is celculated from the equation R

- . Q 1
G =-6'; . k(Q’ . -
(“" “gHD: -
81 The fundamental equation express:mg the relation between the head and dls- ’

|
oo
s

10 cha.rge of fluid in the peripheral channel of the vortex pump is very complex {
1

I
'1 i

I

=T

2 ;and is not suitable for practical applig:ation, because, lltke the solutions of \
r 0. V. Baybakov and Iversen, it contains anslytically indeterminate coefi':’Lc::ten‘bsiv-~ .
r The theory and method of calculation proposed by Wilson have been subjec‘cea3
; to rather severe criticism on the part of American specialists and have not beej:l
;given a positive rating. ‘

The foregoing brief analysis of the principal works in the theory and

i analy-blcal methods for vortex pumps indicates that they are based on models of

;;
‘lthe vortex pump operation that are unsound for a variety of reasons and do not 75

' reflect completely the physical msture of the process imvolved. This renders

%them less valuable and makes their application for engineering calculations
impossible. The experimerntal materisl acquired by various researchers is very

meager and does not embrace all types of vortex pumps. |

At the present time, there are no reliable data in the practice of vortex ‘4»'7

‘pump construction on the optimal relations of the impeller and channelz a.imen-

U ésions for different types of vortex pumps. Data are lacking on the recenc:.lla.- G0

42 ‘t:Lon of the dimensions and shape for which high efficiencies will be eh'sured at
b the highest heads and small size and weight of the pump. Finally, w:Lth:the ex-f
' 1st1ng diversity of opinion regarding the nature of the vortex pump operat:u.on, o

(o R

;there is no unified theory and method for their engineering calculations.

What theory and analytical method for the design of vortex pumps can be

AU TR T o BN i o

2 meconmended for engj.neerlng_purposesvhjﬂxpe:clmen:hal design work and. 'bhem:&t:l.cguj.
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j research carried out at the Krasnyy Fakel Factory'on the worklng process of the'
" vortex pump have fostered the follow1ng scheme to describe the operation of the:
;vortex pump. ’
? As the impeller moves, it creates %ortices whose axes are parallel and perQ f

{ : i

sggpendicular to the rotation axis of the jmpeller in the other two coordinate

3
¢
|

(10
f%:

Eigdirections. Depending on the configuration and dimensions of the flow-through
o

:f:portion, particular vortices are prevelent, governing the dynemiecs of the work-LVL
’iiing process and, consequently the analytical scheme.

The principal vortex formation that can be treated by any particular ana-
_ lytical scheme is accompanied by an additional vortex formation due to the im- o
;fgpingement of fluid on the blade tips, rpughness, etc., which cannot be accountedzg
*gfor analytically. In a properly designad manufactured pump, this additional l

“i%vortex formation is a second-order quantity.l An increase in the mass of fluid

“; pushed by the 1mpelleflls accompanled‘by partial or completewbreakdown, deformar
“;’tlon, or "detachment" of the vortices. If deformation of the vortices occurs, f?
}i'the consequence is that tangential stresses occur in the flow, causing the en- 5
trainment of fluid in the channel as the impeller moves. Since there are pre-

‘dominant vortices determing the qualitative and quantitative aspects of the

Eworking process, as well as secondary vortices which are unavoidsble adjunct toi??

’the operation of any real pump, the tangential stresses must be arbitrarlly

'broken down into principal and secondary components, the latter being analogouS“”

ftO the additional tangential stresses that arise in the turbulent mothp of a -

:?jfluid in pipes. ?

lSuch a pump must have a good streamline configuration in the flow-through

part, mlnlmum blade thlcknesses and wall roughness, etc. f

b e . SO PSR SRR S S
l _ Lo ]
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In vortex pumps having a nearly'seﬂicircular channel cross section (fig. ﬁ;;

5), especially favorable conditions aretset up for vortices whose axis is
© directed perpendicular to the plane of this cross section. These vortices are VA;
zi‘caused by the action of varying centrifugasl forces on the fluid mass in the ‘éé

'Q_vanes of the impeller and channel. The cross vortices with their axes in the

other two perpendicular dimensions, given & sufficiently large number of thin

fﬁ}blades, are negligible and will not be considered in the present article.

;Q’ Pumps with an almost semicircular channel cross sectiorn have high heads
;Hiand efficiencies, hence they are the most widely used in industry. The fluid
"'Epumped by them is of low viscosity, and the surfaces of the flow-through portiomﬁz

i have 1little roughness. This justifies considering devoting some attention to

“Tthe working process and analytical method for vortex pumps with a semipircular;

; -@channel and flat radial blading working with an ideal fluid (ref. 6).

41 1%
2 1
; We will adopt the following notatlons for the elements of the pernpheral
4

44 channel end impeller (fig. 5): 7 m
465 fis the area of the impeller blade, s is the area of the blade tlp in

;contact with the fluid, R is the radius of the center of gravity of thefarea

.i is the projectlon
Z Lx£4the_streamline on the,cross;sectionainplanemafmthewch@nnel,M 1s4the«velquty

L L1 ]

NASA/WASH INGT ON

QéF, rc is the radius of the center of gravity of the area /,




R S — o e et et e . e e e
. of the fluid along li,txr is the radial: clearance between the casing and impel-:
. ler, a, is the end clearance between thé casing and impeller, pis the density of

* the fluid, 1 is the poinmt at which the £luid particles hit the blade, 2 is the |

(42

| point at which they depart from the blade.

We will assume for simplication that the fluid in the vanes of the impellei i
3 = LD
moves with a mean angulaer velocity w, and that the mean angular velocity of the! '

./ fluid in the peripheral chanmel is equal to (ref. 6)

In the absence of losses, ! — w, and in the presence of resistance to thezgh
;lmotion, i.e., under any real working conditions, 2 < w.

As slready remarked, in the assumed scheme, the vortex motion in the pump f;{

", chammel is elicited by a difference in the centrifugal forces acting on the :fl

P

6 ?
o 'fluid messes-in $he channel and - in the-vanes. of the impeller, with these masses =

‘moving at different angular velocities w and Q. Summing for the profile shown ff

. in figure 5 the elementary centrifugal forces dp sin @ acting along 1, over the

" entire cross section (F + f), we obtain

.. ..
P=afree - (2)

.
s

For profiles other than semicircular, in place of the factor 2/m we obtain;:

ﬂ? ‘as the result of imbegration, the profile coefficient m, which can be pged in

41 1o

42 equation (2) for convenience. 13 L
53 P S
3% | Hence, the centrifugael force P acting in the plane of the cross section

F 4+ J gives rise to vortical motion with & certain mean velocity cm. Tﬁe mass

per unit time M of the fluid taking pert in this motion is defined as

O BT N

1]

(v
¥
i

|
51 |
sol - ) .
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”‘where a is a length approx1mately equal to the proflle radius ao ?

K If the thrust P were not balanced during motion of the liquid by some re-
;ésistive force I1, the motion would be exbressed by the Newtonian equation

4 - e, 0
Qijhere Ac is the velocity increment that the mass M would acquire if it passed gs;
Ezjgust once through the impeller. B
E? This cannot occur, however, since the periodic acceleration of the llquld

‘; which it can undergo as it repeatedly passes through the impeller in a vortex

:t pump, would indicate a nonsteady state process, i.e.,
o a#-,%— (5), .,
;. Consequently, the vortex motion must be deseribed by the equation 53

_P—II= MAc¥,

Ac* = 0, P =11I. (7 -

DA

Formal application of the identity (6) will be of no avail in solving the
- problem. For this purpose, it is necessary to examine the relation of the

47 vortex motion, as represented by the velocity s and the peripheral motion,

;q ‘represented by the velocity v o’ which varies from the value v w2 at p01nt 2 to

Lb{ S
41 |vy, 8t point 1 (fig. 6). | 15
42 | ‘ ’ P
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How does the energy of the vortex motion acquired by the 1iquid directiy

i from the impeller become transformed into the energy of peripheral motion, i.e., :

l

of liquid Q in the form of head H? If the periphereal velocity of each fluid |

}iipartlcle varies from vu2 to vul with a COnstant normal component of the veloc1ty
10 5
;i;cm, it then follows from the equation of motion that the flow has tangentisl

?f forces

;| et G —Fa): ) -

Integration of the tangential forces over the total area on which they act‘_j

. yields the mean tangential thrust

;é (per unlt channel length L 27R).
;;g Since the impeller is subaectedféopé-tﬁ;ust T w1££'av;rage veloc1ty u ;”tﬁéﬁz
i;§power spent to accomplish this is
N = T, (100
According to the proposed scheme, the energy of peripheral motion is ac- E
fiéquired through conversion of the corresponding amount of vortex energy. What ;
gégamount of energy is sapped from the vortex motion? If we suppose (1gno§1ng ?;
Ziilosses) that not all of the vortex emergy is converted into perlpheral klnetlc ?Lﬁ
2§éenergy, the surplus could be spent in accelerating the fluid mass M, 1;§., in i 5
gesta'blishing Ac # 0. TIn this case the £luid velocity after passing thréugh the
jz;impeller would be 1
a=embis (11) .
, éﬂhsr_e_és > 0. . o R S .
O L35 ] I

N S ’ R i\if' TR
NE DRSO WR S NG T UT

1

1nto the energy, part of which in the final analysis is imparted to the quantlty :

ropen(oem B (9)
‘] e




1

" Considering thatmfhé'motiaﬁhﬁaaié"éEEEEMiﬁ'{ﬁis”Caéévdhdei'tﬁéméctiOﬂwb?'af

. nonsteady state force P (since equilibrium is impossible according to the equa-:

© tion of motion (6)), the power of vortex motion would be -

N, = Pe,= P (c . 7

| - My=Pa=Pemtia (12): =
_- ; [
o In reality, we have in the pump | Lo
R Do
= Ac¥' = 0 (13)

- and, hence,

Consequently, in order to ensure the conditions (13) and (14), the possiblbff

Tiépower difference

NV-NV*=PAC

et e e e o e [P v e vt e e Jr—

?}imust be completely converted into the power of peripheral motion (10):

Tu = PAc
[¢]
:Or

P o
Ta, =3 (17) .

The additional equation (16), which is the result of applying the law of

C*gconserva.'l:ion of energy and the second law of Newton, makes it possible?%o de-

42 |termine the velocity of vortex motion c_.
f%% From equations (2) and (9) we find
.‘m'f:7li(1+-7§) “-‘P;‘gf, (18)%'
SR Lo 16 ]



7?' Then,‘analyzlng the equlllbrlum of the fluid volume in the channel under Z 5
- the action of the tangential moment M = rcT and the drag moment against the
;1pressure of the pump Mc = RYHF, and neglecting the moment due to friction of the

/ fluid against the channel wall

v
"7 we obtain the fundemental vortex pump equation

r T = RVEF, (2915

‘h,- “,c“ _p’ %) )’l —=x o ! (20) ;

. where

Gbls the flow containment coefficient, L is the working length of the channel,

“ﬁ m is the profile coefficient, which is calculated from the geometry);

23 S
T - ‘M‘. "flic
We obtain an expression for the expended power by multiplying the moment
‘ Mc by the angular veloclty of the impeller:
i -'(N-;'gHFRO. ' (2]_) S

The useful power of any pump, of course, is equal to

Ny 1HQ. Lo (e2) n

— Ty

Hence the efficiency of the working process of the vortex pump is=f

7 = O/FRe. (23)

The overall efficiency of the Vortex pump should take into account “the

i leakage, mechanical and hydraulic losses: FT

| :
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i !

EQuafiéhé'(éb’;w(él5;wéﬁa”(ééjhgivg a unified solution to the vortex pump |

33problem, i.e., they uniquely determire its head, power, and efficiency as func-:

5 tlcns of the capacity for given dlmens10ns and pump Ire.p.m.

?§ An analysis of the curves calculated according to equations (20) and (21)
t‘ { i“}
% |show that their behavior corresponds quite well to the behavior of the experi- § G
1o | 1o
?igmental curves shown in figures 2 and 7 to 10. (13
vo | -
‘ ;\ N. 1~ - : - - ; o o T
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ff ‘Figure 7. Characteristic Curves of the Figure 8. Experimental and Calculated

leagage (calc.)

2 5VS-3 Pump for Water at N = 1450 Characteristics of the 1.5V-1.3M Pump f
T.p.m. Without Aspirstion. at n = 1450 r.p.m. :
1) H without leakage (calc.) 1) H without leakage (calc,)

‘ 2) N without mechanical loss or i 2) H (exp.) 2
uf' leakage (calc.) ' 3) Onset of cavitation, experl-
Ll mental pump -
1) W (exp.)
2} 5) N without mechanical loss or
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Figure 9.

I) VS-65 Pump;
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Figure 10. TsVS-53 Pump &t n = 2980 r.p.m.;
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"If the chemnel profile is ot m&rkedly different from semicirculsr, the |

Yot

};checklng and design calculations carrled out for a nunmber of Soviet vortex pump;
f models at n = 1500 r.p.m. nearly coinciée with the experimental data. In this |
;;case, the fundamental equation (20) can'be used without any correction factors.?
?2 if the channel profile is apprecisbly nensem1c1rcular (see fig. 1), it is neces? o
Efisa.ry to use the empirical coefficients given above. i

T
[
i

The above solution of the vortex pﬁmp problem implies the following order-:
} of-magnitude cholce and calculaetion of & projected pump.
One must first decide on the type of pump, whether vortex, centrifugal or
' displacement. This choice is stipulated by many factors: dimensions, weight, ,fi
ii‘attainable efficiency, self-priming requirements, useful life, viscosity of the~f3
~ fluid to be pumped, its tempersture, contamination, length of operation, asbso- =

© lute head, capacity, etc.

The approx1mate llmlts of appllcabillty of vortex pumps can be dellneated

;ikhere: fluid viscosities up to 5°E; coarseness of mechanical impurities up to
43»0.1 rm; head on a single impeller from 1 to 200 m; capacity from O.1 to 17
llter/sec, peak efficiencies to 45%; minimum outlay of metal per kW power (mln-vag
‘imum size and welght) down to 2 kg/kW, specific speed n from 4 to 50; shaft Jﬁgé_

r.p.m. to 6000.

[

T L ad b

In the event that vortex and centrifugal-vortex pumps are equal aﬁblicablefig

I .
— A0 D0

disd
R
+

=

to a specific situation, the choice is determlned by two con51derat10nS‘ high

bl g
;

S
LA B3

L
i~

|
ﬂ
i

'suction and attainable efficiency. As is known, the centrifugal stage pullds

ot

2'I'he disparity between the experimental and calculeted curves in figure 7 =

*iis attributseble to leskage in a real pump as Q — O and to cavitation when

8
¥
1
}
Z

AW BN DR T |

kL;x~25nm§/h in figure 7 and for Q.— lhjnyﬁLqmwflgure>8.”MMM.w, - “w;MWMWWWﬁéﬁ
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| A |
O

' 'up the necessary hesd for the vortex stege and improves the overall efficiency |
- of the system (ref. 5). The vortex stage in this case may be of prime or
iiv?j:sec:ondary importance. ’

Space limitations prevent us from éxamining all possible versions of pump i
?éconstruction. We will therefore confin? our analysis to just those cases when EI}
L'gthe parameters of the vortex stage have: already been chosen on the basis of ad-g?i

S IR § R L S A A LRI

"?equate considerations and the problem ié to determine the shape and dimensions
gi.of the flow-through section, then to derive the pump performsnce curve

" analytically.

. The decisive factor in selecting the dimensions of the vortex stage is the;ii

%;iattainment of high head. It is known that the head developed by a centrifugal ifz

fﬁ‘pump is defined in the first approximation as

- —— . '_ . 4.; - .
'i:. .z .i?.. — - e

. s ,’-tD’ﬂ~ *
cT. Myem: 60 -

A calculation mccording to equation (20) with Q =0, § —~1, =F, r =R, ..

313: l, s = 2a yields for the vortex pump.

s e e ' el el Al Y

b ! "\‘:f‘.‘-___" . _.' 3
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~
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It is known that the capac1ty at r) _ for a vortex pump corresponds largely

’ to

Q= 05Fu,. (30)°

Assuming for the first approximstion that the Q-H curve is a straight line, , 5
?G rwe define | i H'
3 =97 (31)

Hence, by knowing Ho and the r.p.m. n, we find T, from equation (29).
Then, from the prescribed capacity QO » knowing u,, we determine F from equa’tion:

 (30). sSince we have assumed fi= F (semicircular profile), we find

Y xal, (32) -

ffrom Wh:Lch we ascertan.n the proflle radlus ao

This profile is basic to the subsequen‘t pump des:Lgn. Tt must be teken in-

O i - — B S ——— R - i e et

‘to account that the internal leakage vie the clearances o and @, the contain-
ment of the flow by the blades s and the reduction in working length of the
'channel L due to the necessary linkage (connector) between the suction and dis- o
;v{} :charge openings lower the head of the pump. Consequently, the impeller diameter_j
imus‘b be increased accordingly. Zgj_

For the corrected profile, the Q-H and Q-N curves can be constructed from ,

b !
) fequatlons (20) and (21) without regard for leakage or hydraulic and mechamcal :,
3

losses ; the determination of which we will not consider in the present a.r'tlcle. _,7‘

£ If now some kind of special requirements are imposed on the pump character-

giistic curve in addition to the generation of high head and efficiency, its pro- _

.. file must depart considerably from semicircular. In this case, the expression jft

oLk e - R —_— B e et e e e . e PR
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LI (33)
? provides a sensible approach to the varjation in dimensions and shape of the
;fflow-through part of the pump in order to refine its characteristic.

;f This variation generally proceeds in two directions in vortex stages which

[ RN

1
H
4

13§function as the secondary stage (either‘it is required to obtain & meximsally

-

;igsloping Q-H characteristic or to minimize the power utilized by the pump). Suchj;
:‘requirement are often imposed on self-pfiming vortex stages, where the efficiené&?
:? and head sre of secondary importance.

BEquation (33) shows that by varying the ratio of the blade areafé to the
;;;channel cross section F, the pump characteristic can be sharply altered. In théi;
- limit F—~wo, -~ 0,Q  =Fu —w,i.e., the Q-H characteristic tends to-

" ward the horizontal axis.

= ;of blades, their angle of 1nc11nat10n, the length of the channel, and the tips {

u‘of the blades s, the dimensions and location of the suction and discharge points;?
the ratio rc/R, and shape of the profile. The more the profile differs from
semicircular, the greater will be the vortex drag. Inasmuch as the velocity qmm,,

' ,increases abruptly as Q —» O according to equation (17), the head and power inputlé

are again minimized.

Ry

In practice, the impellers of vortex pumps are normally found in tWD modl-:m

—

“
Ly
12

ugf fications, open and closed impellers. The open impeller represents a hub w1th

ro

[T"

long radial blades, which are bounded at the sides and periphery by the speri-

pheral channel and flet walls of the pump casing. The closed impeller has a

Eflat disk with short blades, situated at the periphery on both sides ana sep-

’ﬂf

*r‘arated at the middle by a connector. The angle a between the blade andg

)
=y

Vi
[
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| CODHECtor varies W1th1n the llmlts 60 to 90°. These impellersvéré made witﬁwum
: blades of wvarious cross sectional shepes - rectangular, trapezoidal, crescent-
;Eshaped. The most popular are blades with & rectangular or trapezoidal cross

ésection and curved backward. The number of blades on an open impeller is usually

‘from 12 to 24, on & closed impeller It 1s from 18 to 38.

O T e T

o
From the qualitative aspect, the number of blades affects the performence '

e et et

RS I O I

" curve as follows. Increasing the numbef of blades within the indicated limits jg%
E; and preserving the geometry of the peripheral chanmel increases the head and
‘1‘capacity of the pump (see fig. 9), while the optimum value of the efficiency

‘; is displaced toward higher capacities; a decrease in the number of blades has
g;%the reverse effect. |

The highest efficiencies (to 43%) are given by vortex pumps with an open

1mpeller at z = 24 and with a rectangular channel cross section, i.e., with an

- — S — —— e e e i RS, [ e e

optimum value of the coeff1c1ent l/c = 1. The blades in thls case are usually

;?;curved back. However, with the proper combination of shape and geometric dlmenF”5
fr;sions of the peripheral channel for the number of blades z = 12, vortex pump
characteristics can be obtained identical to the characteristics of pumps with -

= 2)4'0

The difference between the characteristic curves of the 1nd1cated pumps 1s

“%contalned in the fact that a pump with z = 24 develops considerably larger heads
;rat low capacities than the pump with z = 12, due to the "looser" connectlon.be-Jhi
i;%tween the suction and discharge sides. ‘ B
Léé The closed type of impeller combines well in the hydraulic sense w%th peri;?
i;‘pheral channels having a semicircular cross section or nearly so. A siéilar

¢f,increase in the number of blades increases the head, capacity, and effiEiency

;,tof the pump in this case, the highest efficiency (to 50%) _resulting erF an 0.

o [ Ty o
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] 1

| impeller with z = 2l to 32 at an angle @ = 65 to 70° and "forward" rotation of |

jlthe impeller. With "backward" rotation, all other conditions being equal, for
?%certain pump models the head and power rise sharply, while the efficiency is
{éreduced 3 to 5% and the optimum value sﬁifts toward lower capacities. In the

5 : i
4 first instance, the curvaeture of the Q-H and Q-N characteristics is up, in the |
Qi i I
! %

e LY e g e P

WY P wesa g L

7§second instance it is down, while in the interval of low capacities it asympto- ;
f ‘tically approeaches the ordinate axis (see fig. 10).
551 This attribute of the impeller is very widely taken advantage of in industé&%
;7tbecause a simple turning of the impeller through 180° on the pump shaft can re—fff

" sult in high heads at low capacities, without any change whatsoever in the con—ix&

fi%struction of the pump.

Consequently, the number of bladesiand their angle of inclination, like

fthe geometry of the peripheral channel,’ ‘exert & significant influence on the

It should be pointed out in conclusion that the theory presented herein tog
;idescribe the operation of vortex pumps permits the velocity of the vortex motiohj%
ficm of the fluld in the pump to be determined analytically. The value found for‘}ﬁ

~ the velocity e enables one to derive the fundamental equetion of the vortex

?pump for construction of a theoretical characteristic curve H = f(Q) on the
o ba51s of the prescribed dimensions.

A comparison of the calculated data based on equations (20) to (2@) with

'flndustrlal models of vortex pumps. A qualltatlve estimate of the effect of the >

_ and gize w1th enhanced hydraullc and operatlonal characterlstlcs.
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